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I n t r o d u c t i o n  

The technique o f  s t r u c t u r a l  a n a l y s i s  based on p ro ton  NMR and elemental 
a n a l y s i s  has been a p p l i e d  t o  heavy o i l s  de r i ved  from coa l  and pet ro leuml-3.  
approach u t i l i z e s  t h e  hydrogen types t o  determine i n f o r m a t i o n  about t h e  carbon 
skeleton.  
o b t a i n  s t r u c t u r a l  i n f o r m a t i o n  d i r e c t l y 4 .  The new technique o f  pu l se  F o u r i e r -  
t rans fo rm (PFT) spect roscopy has helped overcome t h e  problem o f  low s e n s i t i v i t y  
and p ro ton  decoupl ing has s i m p l i f i e d  the  spect ra,  making 13C NMR more s u i t a b l e  
f o r  s tud ies  o f  heavy o i l s .  S t r u c t u r a l  a n a l y s i s  i s  s t i l l  l i m i t e d  by d i f f i c u l t i e s  
i n  making q u a n t i t a t i v e  measurements and i n  ass ign ing  abso rp t i on  t o  va r ious  types 
o f  c a r b y s .  
l i q u i d s  i6. I n  
t h i s  study, ' lH and 13C NMR a r e  used f o r  t h e  s t r u c t u r a l  c h a r a c t e r i z a t i o n  o f  heavy 
o i l s  de r i ved  from coa l  b y  c a t a l y t i c  hydrogenation. 

Th is  

F r iede l  and Retcofsky have a p p l i e d  1% NMR t o  coa l -de r i ved  products  t o  

Combinations o f  1H and 13C NMR have been used t o  study pet ro leum 
More r e c e n t l y  PFT 13C NMR has been app l i ed  t o  coal  l i qu ids7 ,g .  

Experimental 

Hiawatha, Utah coa l  (45% V.M., d.a.f .b.) was impregnated w i t h  6% by weight  
Zn as ZnC12 and hydrogenated i n  an en t ra ined - f l ow  r e a c t o r  a t  950OF and 1800 p s i  
H2. The heavy o i l  f r a c t i o n  was e x t r a c t e d  w i t h  10% NaOH and 15% H2SO4 and 
separate0 i n t o  a nexane-soiubie o i l  and an asphaltene f r a c t i o n  by ext ract ions; -  
The hexane-soluble o i l  was separated i n t o  sa tu ra te  and aromat ic  f r a c t i o n s  by 
l i q u i d  chromatography u s i n g  a s i l i c a  gel column. The s a t u r a t e  o i l ,  aromat ic  o i l  
and asphaltene f r a c t i o n s  were separated by s i z e  by gel  permeation chromatography 
(GPC)  us ing cross1 inked  po lys ty rene  ge ls  o f  pore s i zes  approp r ia te  t o  each sample 
Neighboring GPC f r a c t i o n s  were combined t o  o b t a i n  samples o f  s u i t a b l e  s i z e .  The 
GPC separat ion and t h e  samples chosen f o r  a n a l y s i s  a re  shown i n  F igu re  1. 

reference m a t e r i a l .  A Va r ian  Associates XL-100 FTNMR s ect rometer  o p e r a t i n g  a t  
25.16 MHz and 0.4 - 0.8 second pu lse  i n t e r v a l  t ime f o r  y3C NMR and 100 MH, f o r  ' H  
NMR was used t o  o b t a i n  spec t ra .  

NMR spectra were measured i n  d-ch loroform u s i n g  te t ramethy l  s i l a n e  as a 

Typ ica l  spect ra a r e  shown i n  F igures 2-4. 

Resu l t s  and Discuss ion 

The GPC r e s u l t s  shown i n  F igu re  1 a r e  i n  agreement w i t h  molecular  weight  
measurements f o r  t h e  f r a c t i o n s  measured by vapor pressure osmometry. 
molecular  weights o f  t h e  asphaltenes v a r i e d  f rom 1380 f o r  t h e  f r a c t i o n  e l u t e d  a t  
l owes t  e l u t i o n  volume t o  410 f o r  t h e  f r a c t i o n  e l u t e d  l a s t .  The aromat ic  o i l  
f r a c t i o n s  have mo lecu la r  weights  i n  the  range 250-610. The H/C r a t i o s  decrease 
from 0.94 t o  0.83 f o r  t h e  asphal tene f r a c t i o n s  and from 1.51 t o  0.85 f o r  t h e  
aromat ic  o i l  f r a c t i o n s  w i t h  i nc reas ing  e l u t i o n  volume. 

The NMR spect ra o f  t h e  s a t u r a t e  o i l  f r a c t i o n s  i n  F igu re  2 show a t y p i c a l  
p a t t e r n  o f  a long c h a i n  a l i p h a t i c  compound. 
a t  14, 23, 32, 29 and 29.5 ppm corresponding t o  the  a ,  5, y .  CJ and E carbons 
r e s p e c t i v e l y  o f  n - p a r a f f i n s .  

The 

rn 

I 

The 1% spect ra show resonance l i n e s  

The average cha in  l e n g t h  was c a l c u l a t e d  from t h e  
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r a t i o  of peak areas  f o r  the  various carbon types assuming the  s t r u c t u r e  of a 
normal Paraf f in .  
n-Paraffinic s t ruc tu re  and the  number of carbons estimated from gas chromatography 
r e s u l t s .  
from gas chromatography. 
carbon chain which inva l ida t e s  the  n-paraffin model. 
s a tu ra t e  f r ac t ions  contains considerable i sopa ra f f in s .  

The NMR spectra of aromatic o i l  f r ac t ions  i n  Figure 3 i nd ica t e  a gradual 
change in s t ruc tu ra l  p roper t ies  with e lu t ion  volume. The spec t ra  of l a r g e r  
molecules (e lu ted  a t  smaller volumes) ind ica t e  long alkyl groups attached t o  
small aromatic r ing  systems. The length of the  alkyl subs t i t uen t s  was estimated 
from the i n t e n s i t i e s  of resonance peaks with chemical s h i f t s  equiva len t  t o  
n-Paraffin carbons. 
alkyl groups and the  average length i s  28 carbons. For f r ac t ion  0-2, t he  
corresponding f igures  a r e  35% and 10 carbons. With increasing e lu t ion  volume, 
the  spectra progressively changes to a complex broad spec t r a .  The spec t ra  fo r  
f rac t ion  0-7 ind ica tes  a higher f r ac t ion  of a romat ic i ty ,  f a ,  and t h a t  almost a l l  
hydrogens a r e  bound to  aromatic carbons and carbons a t o  aromatic r ings .  
Examination of  the  spectra in Figure 4 shows a s imi l a r  trend f o r  t he  asphaltene 
f r ac t ions .  

carbons a t o  aromatic r ings ,  Ca, and those 6 or f u r t h e r ,  Co, from the  13C NMR 
spec t ra .  
respec t ive ly ,  were ca lcu la ted .  
a r e  reasonable, b u t  values of Ha/& ( X )  i nd ica t e  a poss ib le  e r r o r  i n  t h e  assign- 
ments of chemical s h i f t s .  

The f r ac t ions  of aromatic carbon a r e  p lo t ted  versus e lu t ion  volume i n  
Figure 5 a s  determined from the  1% NMR spec t ra  and by s t ruc tu ra l  ana lys i s  using 
1 H  NMR spectra2. 
NMR spectra i s  complicated by the long re laxa t ion  times of aromatic carbons t h a t  
a r e  n o t  bound to  hydrogens. 
f i e l d  from 129 ppm while aromatic carbons bound t o  hydrogens, Cah, show chemical 
s h i f t s  upfield from 129 ppm7.8. 
the  r a t i o  of a l ipha t i c  hydrogen t o  carbon i s  given by equation 1 .  

The r e s u l t s  a r e  shown i n  Table 1 ,  with the  ca lcu la ted  amount of  

The chain length ca lcu la ted  from 1 %  NMR i s  g rea t e r  than t h a t  obtained 
T h i s  i s  a t t r i b u t e d  t o  branching near t he  end of  the  

The low-molecular weight 

For f r ac t ion  0-1, 57% of the  sa tura ted  carbons a r e  in such 

The chemical s h i f t  assignments of Bar t le ,  e t . a l . 7  were used t o  determine the  

From 1H NMR spec t r a ,  protons bound to  each type of  carbon, Ha and Ho 
Values of Ho/Co ( Y )  f o r  aromatic o i l  f r a c t i o n s  

The s t ruc tu ra l  ana lys i s  approach assumes t h a t  X = Y = 2 .  The 13C 

These carbons genera l ly  show chemical s h i f t s  down- 

Cah can be equated t o  the aromatic hydrogens and 

Hal/Cal = Cah/Cal .Hal/Ha (1 1 
The r a t i o s  on the r i g h t  hand s ide  of equation 1 can be obtained from t h e  1 %  NMR 
spec t ra ,  assuming the  d iv is ion  a t  129 ppm and from 1H NMR. 
l i s t e d  in Table 2 .  Figure 6 shows the  value of s t ruc tu ra l  parameters ca lcu la ted  
by the  Brown-Ladner equations2 f o r  X=Y=2 and X=Y=Hal/Cal, using the  r e s u l t s  in  
Table 2.  

Values of Hal/Cal a r e  

a5 
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Table 1 
Structure of Sa tu ra t e  Frac t ions  

Fraction 13C NMR Gas Chromatographx 
Carbon Number X Normai Paraf f in  Carbon Number 

1 - P  50-60 67 33 
2-P 34 86  27 
3-P 23-28 54 22 

MI 

<W 

Table 2 
A1 ipha t i c  Carbon t o  Hydrogen Ratio 

Fraction Number 1 2 3 4 5 6 7 
Hal/Cal Aromatic Oil 2.0 2.1 2.1 4 .5  2.2 2.4 2.6 

Asphal tene  1 .6  2.3 1 .9  1 .8  2.4 2.6 2.7 
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F i g u r e  2 .  'H and 13C NMR spectra  o f  P a r a f f i n  F r a c t i o n s  
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Figure 3. ' t l  and 1 %  NHR Spectra o f  Aromatic Oil Frac t ions  
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Figure 4. ' H  and 13C N M R  Spectra o f  Asphaltene Fractions 
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Figure 5. Carbon aromaticity;solid line from 13C NMR, dashed line from 
lH NMR. 
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Figure 6. Structural Parameters:solid line from 13C, dashed line from 1H NMR 
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